Decision-making Language processing Pronouns fMRI Lexical semantic a b s t r a c t Pronouns are extraordinarily common in daily language yet little is known about the neural mechanisms that support decisions about pronoun reference. We propose a large-scale neural network for resolving pronoun reference that consists of two components. First, a core language network in peri-Sylvian cortex supports syntactic and semantic resources for interpreting pronoun meaning in sentences. Second, a frontal-parietal network that supports strategic decision-making is recruited to support probabilistic and risk-related components of resolving a pronoun's referent. In an fMRI study of healthy young adults, we observed activation of left inferior frontal and superior temporal cortex, consistent with a language network. We also observed activation of brain regions not associated with traditional language areas. By manipulating the context of the pronoun, we were able to demonstrate recruitment of dorsolateral prefrontal cortex during probabilistic evaluation of a pronoun's reference, and orbital frontal activation when a pronoun must adopt a risky referent. Together, these findings are consistent with a two-component model for resolving a pronoun's reference that includes neuroanatomic regions supporting core linguistic and decision-making mechanisms.
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Personal pronouns like "he" and "she" are extraordinarily frequent in daily language. They refer to a previously mentioned or acknowledged person during discourse, but pronouns themselves carry little meaning. For example, in the sentence "He cried," we know that a male cried but we do not know exactly which male cried. Given the frequency of pronouns in everyday language, it is important for models of language processing to be able to account for how individuals resolve a pronoun's reference. Moreover, a long tradition of psycholinguistic research has investigated how individuals determine a pronoun's meaning, but relatively little is know about the neural mechanisms that support this process. In this study, we examine the neural basis for the linguistic and decision-making processes that contribute to establishing pronoun reference.
A major challenge for models of pronoun resolution is that a pronoun is by nature somewhat ambiguous since the pronoun itself has minimal meaning, and instead its meaning must be derived from a discourse referent. A wealth of psycholinguistic studies has investigated how readers determine a pronoun's referent (Almor, 1999 Caramazza, Grober, Garvey, & Yates, 1977; Crawley, Stevenson, & Kleinman, 1990; Garnham, 2010; Garnham, Oakhill, & Cruttenden, 1992; Garvey & Caramazza, 1975; Kennison & Trofe, 2003; Sanford, 1982) . From these studies it has become clear that several types of linguistic cues may be used to determine a pronoun's referent including, but not limited to: verb-bias, focus, gender, implicit causality, grammatical roles, and subjecthood (e.g., general preference for a sentence's subject; see Kehler, Kertz, Rohde, and Elman (2008) for a review of different linguistic cues). Consider, for example, the following sentences:
(1) The grandmother hugged the uncle. He smiled.
(2) The grandfather hugged the uncle. He smiled.
In sentences like (1) noun gender information can be used to help identify the pronoun's referent since there is only one male and therefore "he" must refer to the "uncle". However, in sentences like (2) gender is not informative because both potential referents are the same gender as the pronoun. Another cue that can be used to determine a pronoun's referent is the verb's semantic meaning, which suggests that a given process or state (e.g., being hugged) is the cause for another (e.g., smiling). For example, while gender information is not informative in (2), a reader can use the semantic information of the verb to generate an inference -since the uncle received a hug, he is more likely to have smiled. In this paper we
